A considerable amount is known about the structure and nature of speechreading. This knowledge is outlined and related to efforts to optimize the teaching and learning of speechreading in adults. Lipreading involves the extraction of meaning from movements of the lips, jaw, and tongue. Speechreading is a broader term that involves lipreading together with the interpretation of body language, facial expressions, and linguistic and situational cues. Greenberg and Bode (1968) showed that speechreading performance was I thanV three anonymous reviewers for their helpful comments. Correspondence should be sent to Paul Arnold, Department of Psychology, University of Manchester, Manchester M13 9PL, England (e-mail: ARNOLD@PSY.MAN.ACUK).
Copyright O 1997 Oxford University Press. CCC significantly better when the participants were allowed to view a talker's entire face instead of the lip area only. Kaplan, Bally, and Garretson (1985) have presented methods and materials to teach speechreading, based on the long experience of speechreading teachers. Erber (1988) has noted that the speciality of aural rehabilitation was formed to assist servicemen and women returning from World War II with serious hearing losses. Three aural rehabilitation tools were available: hearing aids, auditory training, and lipreading instruction. Erber observed that one of the reasons for the ascendancy of hearing aids has been the loss of confidence in both auditory training and speechreading instruction.
Speechreading is still of value since it does not rely on technology, is a natural skill, and can also optimize the effectiveness of hearing aids and cochlear implants. Populations in Western Europe and North America are aging and so show an increased incidence of presbyacusis and other hearing disorders. Large numbers of individuals in developing countries cannot afford electronic aids and would benefit from any improvement in the teaching of speechreading. There is also a substantial body of individuals who have a hearing impairment but who are reluctant to wear a hearing aid and who attend speechreading classes. Erber (1988) has provided a useful discussion of communication models. He is critical of the "talking heads" model that theorists commonly have used to illustrate the interaction between two communicators. He notes that in most of these models a normally hear-ing speaker is shown, at the left-hand side of the diagram, who is directing a verbal message to a hearingimpaired person on the right. The hearing speaker's mouth may be shown to be emitting both visual (e.g., mouth movements) and acoustic speech stimuli (e.g., speech sounds), which pass (possibly through eyeglasses or hearing aids) to the hearing-impaired person's eyes and ears. Erber modifies this traditional description so that the hearing-impaired person is the one who initiates responses. In these verbal interactions the two communicators take turns as they exchange information. Erber believes that "a conversation may be described as a purposeful rule-governed exchange of ideas, opinions, or feelings between two or more people" (p. 29). From Erber's perspective it is clear that speechreading takes place within fluid social contexts. From his model it follows that the degree of hearing impairment is important for speechreading. As the degree of loss increases, the balance between the visual and auditory components of speechreading shift toward an increasing role for vision. It also makes a difference whether a person is speechreading while listening, or listening while speechreading. It is important to know whether the visual and auditory speech cues are complementary for individuals with a moderately severe hearing loss. It is also important to establish the visual cues used to supplement what is primarily auditory communication as in the situation of mild or moderate hearing loss. Or does the speechreader have access only to the visible component of speech, which is the case of those with no useful residual hearing? It follows that training must be appropriate to the particular needs of each speechreader. Another important element is the English language competence of the speechreader, including knowledge of grammar, semantics, and pragmatics. Erber's model has a clear relevance to the role of the hearing speaker in speechreading. Lesner (1988) has discussed the role of the speaker in speechreading difficulties. Lesner noted that "talkers whom we must speechread can and often do range from those who are visually articulate, as in the case of oral interpreters, to those who speak as though they were ventriloquists" (p. 89). Lesner has reviewed studies of the visual intelligibility of the talker in speechreading studies (pp. 90-91) .
Is Speechreading the Same in the Hearing and Hearing-Impaired? Owens and Blazek (1985) presented a series of VCV nonsense syllables formed from 23 consonants and 4 vowels on videotape without sound to 5 hearingimpaired adults and 5 adults with normal hearing. There were no differences between the two groups either with respect to the overall percentage of items correct or the visemes identified. Differences did occur between the /u/ context and the other three vowel contexts. They also concluded that skill in visual recognition of consonants is not necessarily related to the ability to speechread sentences. Summerfield (1987) presents diagrammatic trees summarizing the results of the cluster analyses of auditory confusions among consonants presented in noise and also of visual confusions among consonants. He noted that "to a first approximation, therefore, the visible distinctiveness of consonants ... is inversely related to their auditory distinctiveness .... As a result, in noise or hearing impairment the evidence of the two modalities can be beneficially complementary" (p. 15). The visual information specifying nasality and voicing, for example, is hard to see. Perhaps the evolutionary pressure towards the optimal use of limited psychological processing resources has resulted in a partial division of ease of perceptibility of speech between audition and vision.
Recently Arnold and Kopsel (1996) have compared the speechreading skills of normally hearing; orally educated hearing-impaired; and bilingually educated hearing-impaired 10-year-old children. Tests of speechreading, reading, and visual and rhythm memory were administered and resulted in different patterns of correlations within each of the three groups. In the case of the hearing, visual memory for complex shapes was significantly correlated with lipreading. For the oral deaf, speechreading ability was significantly correlated with reading, but for the bilingual deaf the correlation was not significant. Thus, we see the need for a psychological model of speechreading. The complexity of the psychological processes that contribute to the conversations within which speechreading is embedded need not discourage efforts to construct a provisional psychological model of speechreading that is flexible enough to incorporate the numerous variables discussed by Erber (1988) and other authors. Adults with acquired hearing loss find speechreading difficult to improve, which has lead to a suspicion that speechreading may have an innate, "hard-wired," component. A reading of the experimental literature reveals an unresolved tension as to where speechreading is located on a continuum, ranging from the potential for the skill being entirely learned at one extreme to being completely "hard-wired," and so untrainable, at the other. This discussion attempts provisionally to locate speechreading on such a continuum and to tentatively suggest that learning, and so training and teaching, may play a somewhat greater part than is sometimes thought.
Modularity, Modularization, and Speechreading
The modularity of perceptual systems proposed by Fodor (1983) and the continuing debate may have made claims for core elements of speechreading being hardwired more plausible. Fodor (1983) proposed that information from the environment passes first through a system of sensory transducers that transforms the data into formats that each special-purpose input system can process. Each input system, in turn, computes the data in a common format suitable for central, domain-general processing. The input modules are seen by Fodor as hard-wired, of fixed neural architecture, domain-specific, fast, autonomous, mandatory, automatic, and informationally encapsulated. Summerfield (1991) concludes a review of the literature on the visual perception of phonetic gestures with the statement that lipreading is not an input module in its own right. The facility with which people use vision and hearing together and the high correlation between the benefit they gain and their lipreading ability suggest that lipreading is a submodule of the linguistic-processing module. Campbell (1992) , on the basis of her experimental work, notes that it unlikely that lipreading is itself an isolated subsystem or module, even though lipreading can be found to dissociate from every other receptive ability tested.
It is, of course, possible that components of speechreading are hard-wired to some degTee. The most likely components are speed of neural responsivity or the perceptual intake of information. Karmiloff-Smith (1992) in a discussion of Fodor's encapsulated input modules makes a distinction between Fodor's prespecified hard-wired modules and that of a process of modularization, which occurs as the product of development (or we might add, in the context of adult speechreading, experience or neglect). Perhaps Karmiloff-Smith's distinction provides two alternatives for the case of speechreading. Speechreading may rely on one or more modules or some of its characteristics may be the product of Karmiloff-Smith's proposed modularization, extended into adulthood. The literature on speechreading can be viewed from these two perspectives, although the terms are rarely used in the field.
The view that speechreading has a core component, or perhaps core components, that are innate and difficult to improve with training is put forward by several eminent workers in the field. Montgomery and Sylvester (1984) stated, Lipreading ability in the adult is a 'built in' neurological/perceptual function and is not likely to be improved significantly by training. That is, good lipreaders are born (or at least fully formed by adolescence), not made. This belief is based on countless observations of lipreading patients who were very good without training or who remained poor even with extensive training. It is bolstered by recent evidence that the latency of the flash-evoked visual response (VER), a low-level neurological response, is highly correlated with lipreading ability (the shorter the latency, the better the lipreading). (p. 46) Their claim is qualified, it is important to note, by this statement:
The latency of a neurological response is presumably very difficult to change, hence adults may have a built in upper limit to their lipreading performance. At first glance, this belief seems to imply that the traditional lipreading group of elderly people is of little value. This is not true, however, there is great value in the socialization, sharing of common problems and sensitization to rehabilitative issues that are part of the group experience. The members function as a support group, (p. 48) The practical conclusion drawn from this perspective by the authors was that "if lipreading provides a common basis for the group, that's perfectly all right, as long as we don't mislead ourselves or the group members into expecting large improvements in lipreading" (p. 48). Montgomery and Sylvester (1984) also noted that many adults with acquired hearing loss fail to watch the speaker's lips in an optimal way. They should watch the speaker's lips in a consistent and efficient manner. Sometimes they may withdraw from the social situation and futilely try to understand every word rather than accepting some temporary uncertainty. These problems can be overcome, the authors believe, by training. Montgomery and Sylvester (1984) claimed, on the bases of these arguments, that there is a need to estimate the patient's potential speechreading ability. They suggested visual evoked response (VER) latency as a potential candidate for such a test. They anticipated that only those with short VER latencies and initially poor speechreading would benefit from speechreading training.
In a later article Montgomery and Demorest (1988) wrote, "Our feeling is that speechreading really is an independent trait (probably 'hardened' and untrainable in the adult), but until better tests are developed this is only speculation." They qualified that speculation: "This likely possibility need not be discouraging because, even though the basic sensory ability may not be modifiable, the amount of information received may be maximized. Attainments such as increasing percentage time in 'eye-lip' contact and improving communication repair strategies may result in greatly enhanced speechreading " (p. 196) .
More recently Dancer, Krain, Thompson, Davis, and Glenn (1994) have presented the view that "a strong relationship between speechreading and visualneural conduction time or any other measure related to visual evoked potentials would tend to indicate that speechreading as a skill is primarily dependent upon hard-wired nervous system activity which is not modifiable by training" (p. 36).
I briefly review the evidence to support views that locate the core speechreading skill toward the hardwired end of the continuum.
Speechreading and Averaged Electroencephalic Response Shepherd, De Lavergne, Frueh, and Clobridge (1977) found that speechreading skills were highly negatively correlated with the latency of the speed of neural responsivity to a visual stimulus. Their finding created considerable interest as previously only low or zero correlations (Jeffers and Barley, 1971; Berger, 1972) had been found between speechreading and any other psychological factor. Shepherd et al. (1977) noted that earlier studies had sought relationships between measures of speechreading ability and measures of relatively abstract traits and abilities obtained by paper and pencil tests. In contrast, their hypothesis was that "speechreading ability relates to neural firing time within the central visual nervous system" (p. 753). Their measure of visual-neural firing time was derived from the latency of the negative peak that occurs just before the large positive peak in the late components of the averaged electroencephalic response (AVER). Earlier work had shown that the negative peak occurred at an average of 130 msec after the stimulus onset when evoked from 20 normal adults by high-intensity flashes. They termed the negative peak the visual-negative 130 (VN130). The aim of their experiment was to determine the correlation between the VN130 latencies evoked by light flashes from the right and left sides of the heads of adults with normal hearing with their scores on a videotaped speechreading test. They found that "significant correlations ranging from -0.90 to -0.91 indicate that as word and sentence scores increased in magnitude, the latencies of the RVN130 and LVN130 peak latencies decreased in time" (p. 761). Shepherd et al. (1977) noted that the proposition their study was based on "implies that speechreading ability relates to neural firing time within the central visual nervous system" (p. 753). The stimuli were light flashes "generated by a strobotac set at high intensity" (p. 755), but the authors reported that "accurate measurements of flash duration and intensity requires specialized equipment that was not available to the investigators. Therefore these parameters were not measured" (p. 755). Their participants were seated in a darkened room with their eyes closed. The light flash stimulus is, of course, nonlinguistic, lacks shape, is in-tense, and is thus different in several possibly important ways from the actual stimuli of speechrcad letters, words, and sentences. Shepherd et al. (1977) implicitly make the assumption that neural firing time in the central visual nervous system resulting from bright flashes will be correlated with, and be similar to, reaction times produced by lip-shaped sequential linguistic stimuli. Shepherd (1982) replicated the original findings and found somewhat lower, but still highly significant, correlations (r = -0.61 to r = -0.89). Samar and Sims (1983) attempted to replicate Shepherd et al.'s (1977) findings and also to derive a more objective measure of the information contained within the VER related to speechreading. They noted that the measure of peak latencies is only semiobjective. When the peak is intermittent from sample to sample, or when its shape is highly skewed, measurement depends on the subjective judgment of the experimenter. Instead, they advocated the use of a more objective measure, that of principal components analysis (PCA), which analyses the entire VER waveform rather than a few selected points. On their conventional latency analysis they observed that "while Shepherd et al. were able to explain 81-82% of the variance in speechreading scores on the basis of VN130 latency, we could only explain 32-34% of the variance" (p. 4). A Fisher Z test for the difference between the two sample correlation coefficients revealed a significant difference between the correlations obtained by Samar and Sims and those of Shepherd et al. (p < .025 ). Samar and Sims's VN130-speechreading correlations were -0.58 and -0.57. Samar and Sims's PCA resulted in 11 factors that accounted for 89.8% of the total variance of the VERs. They examined the relationship between the factor scores and the speechreading word scores using a step-wise multiple regression procedure. Three of the 11 factors emerged as significantly predictive of speechreading. They then ran a set of intercorrelations among the VN130 latency measures, the speechreading scores, and the averaged factor scores from the three contributing factors. Factor 5, which correlated -0.60 with speechreading, was uncorrelated with the VN130 latency measure. Factors 3 and 10, however, both correlated with the VN130 latency measure -0.52 and -0.53, respectively, and together accounted for practically as much variance in speechreading scores as the latency measure itself. They concluded that their factors 3 and 10 reflect the same phenomenon measured by Shepherd et al. (1977) using VN130 latency. Factor 5, however, is unrelated to the latency measure and represents a new electrophysiological correlate of speechreading skill. Factor 5, they claim, represents a previously undiscovered electrophysiological correlate of speechreading skill. In their discussion they refer to factor 5, the VER factor, peaking at 16 msec, as VF16. Samar and Sims (1984) conducted a follow-up study on the VF16 component where the predictability of the time of occurrence of the light flash was manipulated. Their results showed sensitivity to this variation, which implies that the VF16 component taps some kind of process related to the speechreader's expectations. Samar and Sims (1984) also failed to replicate the original findings for normally hearing participants for bright predictable conditions (r = 0.23, but for a group of hearing-impaired participants the same condition produced a high negative correlation (r = -0.73). This result held only for men. Abstract reasoning and spatial relations tests were also administered, but only the spatial relations test showed a significant relation to the VF16 data. Ronnberg, Arlinger, Lyxell, and Kinnefors (1989) failed to replicate Shepherd et al.'s (1977) original finding that the speed of neural-neural response VN130 was as critical indicator of speechreading skill and concluded that no context-bound speechreading condition is significantly correlated with VEP latency (the VN 130 and P 200) or amplitude, but some context free-word discrimination conditions are related to VEP amplitude. Parasnis and Samar (1982) discussed the possible significance of the VF16 latency and suggested that it may be a top-down process involved with the allocation of attention to external perceptual space.
It is difficult to draw firm conclusions from the literature initiated by Shepherd et al.'s (1977) experiment, which has produced correlations between neural firing time and speechreading ranging from -0.91 to zero.
The Effectiveness of Speechreading Training
O'Neill and Oyer (1981) discussed the results of the earlier work on visual training. They reported that Ma-haffrey (1964) tested the hypothesis that tachistoscopic training might enhance speechreading skill. The Utley lipreading test was given before and after nine conditions of training, and the results indicated that the experimental groups improved over comparable control groups. The optimal condition was a 15-minute period of training with a 1/100-second exposure time. McDearmon (1967) used programmed learning of short contrasting phrases. Franks (1976) gave training in viewing nonlinguistic lip configuration using tachistoscopic exposure. Significant improvement in perceptual speed in recognition of lip postures (three degrees of lip rounding, three degrees of vertical and horizontal mouth widening). He found significant improvement in the perceptual speed in tachistoscopic recognition of lip posture but not in speechreading ability. Armstrong (1974) developed a program of visual training using black and white slides but his experimental group did not improve relative to the control.
Walden, Erdman, Montgomery, Schwartz, and Jones (1977) investigated whether training could improve the speechreading of consonants. They trained 31 hearing-impaired adults to identify consonantvowel (CV) syllables using 38 exercises that increased in difficulty. They were given 14 sessions of individualized instruction. One training task required participants to make same-different judgments between CV syllables followed by a second training task that required the participants to identify CV syllables. The results show the percentage of within-cluster responses of nine visemes. For the visemes p, b, and m, for example, the pretraining percentage score was 90.6 and their posttraining score 99.3; and for f and v, the pretraining score was 92.2 and the posttraining score 97.5. It is important to note that performance at these levels is achieved only when participants were familiar with the task and speaker, the stimuli are articulated carefully, and the lighting illuminates the tip of the tongue. The ages of the participants are not given, nor is the role of age in performance explored. Walden, Erdman, Montgomery, Schwartz, and Prosek (1981) examined the effects of training on the speech recognition of hearing-impaired adults. Participants ages ranged from 19 to 68 years, with predominantly high-frequency sensorineural hearing losses. Two groups each received seven hours of either auditory or visual consonant recognition training. Analysis of the responses to the 220-item visual recognition tests showed a mean viseme recognition" score of 82.9% for the pretraining test and 93.2% for the posttraining test, and improvement of 10.3%. Bannister and Britten (1982) administered their newly devised Eyes and Spoken Language test (EASL) and the Utley speechreading test to 68 undergraduates aged from 18 to 36 years (mean age = 19.89 years) with normal vision and hearing, on two occasions, with no training in between. On the first administration of the EASL their mean score was 27.29 (standard deviation [SD] = 7.88) and two weeks later it was 32.13 (SD = 8.55). The first administration of the Utley gave a mean score of 37.01 (SD = 15.97) and the second, two weeks later, gave a mean score-of 45.95 (SD = 18.35). T tests showed that scores on both speechreading tests had significantly improved. Dodd, Plant, and Gregory (1989) administered a video teaching package consisting of nine speechreading lessons, each about 20 minutes long. Participants were tested for lipreading ability at the beginning and the end of a 5-week experimental period. Group 1 formed the control group and did not attend speechreading classes; eight worked in noisy railway workshops, and eight were normally hearing university students. Group 2 consisted of six postlingually hearingimpaired participants, with losses greater than 60 dB in their better ear, who attended the same speechreading class. Over the experimental period they attended their weekly class and studied the videos at home. Group 3 consisted of eight postlingually hearingimpaired people in speechreading classes. Over the five weeks they studied the videos at home but did not attend their usual speechreading classes. Group 4 was a speechreading class of 12 postlingually hearingimpaired participants who used the video as a replacement for their usual class. The mean hearing losses of the members of groups 2, 3 and 4 are not given. It is not clear how the experiences of the members of groups 3 and 4 were different. The combined experimental group showed significant improvement on the Sentence test (p < .05) and showed an improvement of 13%-14% after speechreading instruction with th' video material. They also concluded that the degree of improvement was greatest for those participants with the poorest speechreading skills. Warren, Dancer, Monfils, and Pittenger (1989) investigated the effect of speechreading practice over five days. The participants were 20 hearing people with normal hearing and vision and a mean age of 23 years (range 18-30). They were allocated to two groups, each consisting of five men and five women. The test stimuli consisted of Harris's Revised CID Everyday Sentence Lists, and each list consisted of 50 key words. Participants were tested individually on the visual presentation of the sentence lists. Those in the same-list group received the same sentence list on each of the successive days. A different list was used for each subject in this group. Those in the different-list group received a different, randomly selected list each day. Participants viewed the tape while seated and were instructed to view the speaker mouthing the sentences and to write down what the speaker "said." For their same-list group, means ranged from 18.6% on trial 1 to 32.2% on trial 4, an improvement of 13.6%. For the differentlist group, means ranged from 12% on trial 1 to 21.2% on trials 4 and 5, an improvement of 9.2%. Massaro, Cohen, and Gesi (1993) trained six female hearing students (18, 19, 20, 21, 21 , and 32 years old) on speechreading tasks to test the fuzzy logical model of perception. Each subject was given six sets of speechreading tests, with five intervening training tasks. The training tasks were (1) two-word two-choice indentification, (2) one-word two-choice identification, (3) one-word nine-choice identification, (4) four-talker CV-syllable nine-choice identification, and (5) onetalker CV-syllable nine-choice identification. Each speechreading test consisted of three parts: singlesyllable words (word), CV-syllable tests (syllable), and full-sentence tests (sentence). The test stimuli were spoken by an adult man and presented by a laser video disk. For the words there were two sessions of 210 trials, each taking about 20 minutes. Words were presented under one of six conditions combining speed (either normal or three times the normal rate) and modality using auditory-alone (A), visual-alone (V), or bimodal (B) channels. The participants responded in writing. The same procedure was used in the syllable test. There were two sessions of 132 trials, each taking about 17 minutes. The stimuli for the sentence stimuli were 96 sentences selected from the CID-100 sentence list. The procedure was the same as for the word test. There were two sessions of 48 trials, each taking about 17 minutes. The three tests were given at the beginning of the experiment, after each of the five sets of training tasks and after a retention period of 7.5 weeks.
On the word test, speechreading improved over the sessions (p = .002), but this absolute improvement did not differ significantly over the two presentation rates. The performance on the first and last test sessions went from 0.884 to 0.938 for the auditory, from 0.382 to 0.509 for the visual, and from 0.958 to 0.977 for the bimodal. On the syllable test the proportion of correct identifications over test conditions increased from 0.592 to 0.699 (p = .031). On the sentence test the overall proportion of correct identifications was 0.686, with 0.851 for auditory, 0.306 for the visual, and 0.902 for the bimodal. Accuracy increased significantly from 0.570 to 0.751 over the the first four test sessions (p < .001). Performance was significantly better for the normal rate than for the fast rate. The authors concluded that "the present study illustrates that substantial gains in lipreading performance are possible" (p. 549). It is important to remember that Massaro et al.'s (1993) participants had a mean age of 21.83 years (SD = 5.12), which is considerably younger than the typical (elderly) person who attends speechreading classes. The study does show that substantial gains are possible with some young participants but this is unlikely to be replicated in elderly samples. Lonka (1995) used three Finnish experimental groups on tests that were presented only visually. The 67 participants had a mean hearing loss of 45.3 dB and were patients at a university audiology clinic. All were of working age with a mean age of 48.1 years. The first group (n = 16) had face-to-face training and personal counseling and auditory training. Their pretest score on translated CID sentences (maximum possible 50) was 15.7 and posttest 34.8, an improvement of 19.1. The second group (n = 20) had only face-to-face training (pretest 18.9 and posttest 32.8, an improvement of 13.9). The third group (n = 20) watched speechreading videotapes at home (pretest 20.0 and posttest 34.9, an improvement of 14.0). The two face-to-face groups had about 12-15 hours of speechreading training, and the first group also about 4 hours of auditory training. Those who trained themselves {n = 20) using the video reported watching the tapes between 20 and 35 hours.
The broad conclusion appears to be that the more training given the greater the improvement in speechreading (Dodd et al., 1989; Lonka 1995) and that younger participants improve more than older ones (Massaro et al., 1993) .
hours of practice to achieve entry to the music school, and that the best students had done 10,000 hours, but competence sufficient for private enjoyment could be achieved with 1,000 or 2,000 hours of practice. Clearly, there is a significant relationship, in the case of learning to play an instrument, between the amount of practice and the degree of success. All of the figures reported by Howe and Sloboda are of a different order of magnitude than that of one evening speechreading class per week (making perhaps a total of only 100 hours a year).
How Much Exposure Is Required to Develop Facility in Speechreading?
Perhaps we sometimes uncritically assume that the optimization of the skill of speechreading is trivial when compared to the developmental experiences required to learn to produce and comprehend speech. If a deafened adult was previously able to converse fluently, then is that knowledge a sufficient basis for speechreading? But it should be remembered, that if we are hearing or are orally educated hearing-impaired adults, we have been speechreading, to some extent, for about as long as we have been speaking and listening (Dodd, 1987) . Our current speechreading skill is the product of many years of conversational experience.
It is also possible that the belief that the skill is hard-wired has been reinforced by the the long period of perceptual learning necessary to significantly improve the skill. Jeffers and Barley (1971) in their comprehensive review reported few highly significant correlations between scores on speechreading tests and numerous psychological tests. As a response to the view that speechreading is untrainable, Summerfield (1983) replied: "It would be surprising if lipreading were different from other perceptual skills such as interpreting spectrograms, reading musical scores, or comprehending air-traffic displays, and were to be mystically beyond the scope of perceptual learning" (p. 173). Another skill that is often anecdotally assumed to have a considerable innate component is the ability to play a musical instrument. Howe and Sloboda (1991) studied 120 children learning a musical instrument in a prestigious music school and found that those who made progress practiced three or four times as much as those who did not. The authors found that it took 5,000
The Skills Underlying Speechreading Skill Summerfield (1991) considered speechreading within the framework of the Revised Motor Theory of Speech Perception (Liberman & Mattingly, 1985) . He shows that there is much about lipreading and audio-visual speech perception that appears compatible with the motor theory but has some doubts as to whether the evidence is conclusive. Massaro (1975) provided a model of speechreading. Risberg and Agelfors (1978) developed Massaro's model of the skill of speechreading, but gave a more explicit role to rhythm and prosody. In the new modified model the visual and acoustic signals are separately transformed and parameters extracted. Both then enter separate sensory memories and a common rhythm extractor. Both sensory memories enter a primary recognition processor. These processes are followed by a complex interaction of synthesis memory, memory for prosody, secondary recognition, abstract memory, and recoding rehersal. Strategy decisions, lexicon, and rule systems also play a part. Campbell (1990 Campbell ( , 1992 ) has provided a model of speechreading based, in part, on neuropsychological data. Campbell (1990) presents a diagram for possible information flow and sites of impairment for three patients for lipread speech. Campbell (1992) has outlined a preliminary model of the dissociable processes in lipreading. In this model the left hemisphere begins with auditory analysis and then to acoustic features, auditory scene analysis, speech features, on to phonetic analysis, and classification, and ends with lexical analysis. In parallel the right hemisphere begins with visual analysis, to dynamic visual features, in parallel with static visual features, both of which contribute to ob-ject recognition, to face (photo) processing. This in turn contributes to facial speech (photos), facial identity, and facial expression classification. The processing of the two hemispheres is connected at two levels. The right hemisphere dynamic visual features influence speech features, which are processed in the left hemisphere. Also the (left) phonetic analysis contributes to facial speech in the right hemisphere. Ronnberg (1995) considered the relationship between other skills and speechreading. He suggests that there are three direct predictors of speechreading skill: decoding ability, information processing speed, and guessing ability He also claims that visual neural strength contributes to decoding ability, and working memory capacity' and vocabulary to guessing ability. For Ronnberg these six elements constitute the cognitive architecture underlying speechreading skill. Speechreading skill is a multicomponential skill not predicted by a single predictor, nor by a simple structure of direct predictors. He notes, that low-level processes such as decoding and speed (or simply general speed) account for twice as much variance in sentencebased speechreading than high-level processing such as guessing and working memory. He also comments, "Old speechreaders are facing the challenge of mastering a communicative form which demands cognitive resources that typically are very sensitive to chronological age: cognitive speed" (p. 401).
The contributions of Campbell, Rbnnberg, and earlier workers have provided the outline of the subskills of speechreading. It may be possible to train some of the component skills of speechreading as part of a remedial program, which would of course also involve training within conversational settings. The information about the structure of speechreading could also inform the practice of speechreading teachers, so that, for example, they could vary the load on working memory or encourage guessing strategies.
The Relationship Between Auditory Speech Perception and Speechreading
Another commonsense, although inadequate, notion could be an obstacle to a more objective understanding of speechreading. We hearing people can usually understand the speech of others with our eyes closed or on the radio. Speechreading may help us in noisy conditions or,,more surprisingly, when the speech is easy to hear but hard to understand, as in for example spoken passages from the philosophical writings of Immanual Kant (Reisberg, McLean, & Prather, 1987) . We may feel our speechreading is simply "added on" to our perception of speech when it is required. It is important to consider the possibility that in adults who have lost their hearing the changing balance between reduced audition and an increased reliance on vision creates a qualitatively different situation where listening can no longer readily "fill in" for those elements that are hard to speechread.
Speechreading and Age
Most of the adults who attend speechreading classes • are elderly and many are retired. It may be that speechreading is one of the few communication skills that elderly people attempt to acquire. It is also a necessary life skill that is nonelective for those who lose their hearing. It would be interesting to compare a sample of people >60 learning to speechread with a group of the same age, but with good hearing, learning a foreign language. If we were to find that the elderly who were learning French or Japanese made very slow, or even no measurable progress, their slowness likely would be explained partly in terms of the effects of aging and lifestyle on learning and of low motivation.
Older adult speechreaders generally perform less well than younger adult speechreaders (Ewertsen & Nielsen, 1971; Farrimond, 1959 Farrimond, , 1989 Honnell, Dancer, & Gentry, 1991; Middelweerd & Plomp, 1987; Pelson & Prather, 1974; Ronnberg, Arlinger, Lyxell, & Kinnefors, 1989) . Shoop and Binnie (1979) compared the mean performance for CV syllables and CID sentences for five age groups: 20-23,40-50, 51-60, 61-70, and >71 . Scores among these five groups deteriorated in a step-wise fashion as age increased. The decline for sentences was much more marked than that for the CV syllables. They concluded that "sentences seemed to be a more sensitive measure of age-related effects that viseme categories within CV syllables" (p. 8). Dancer et al. (1994) found that women in their 30s showed the highest speechreading performance while men in their 60s showed the lowest.
Toward the Optimal Teaching of Speechreading Markides (1989) attended 10 British adult speechreading classes and concluded that "most of the lessons observed were carefully prepared and competently carried out. The procedures followed, however, were stereotyped and lacking in imagination. This must not be seen as a direct criticism of the professionals involved since most of them were enthusiastic and highly proficient people with long experience in the field" (p. 39).
Tracking and video methods. Some new methods are available including those of De-Filh'po (1988) for tracking and of Sims (1988) and Dodd and Gregory (1989) using video methods. Sims (1988) in a comprehensive review addressed the history, methodology, and educational benefits of self-instruction video as a component of speechreading instruction. He stresses the importance of motivation and the importance of considering linguistic competence and experience base. He distinguishes between drill and practice, tutorial methods, and games and simulations. Sims reports the development of interactive video programs to simulate job interviews for hearing-impaired college students (Sims, Scott, & Meyers, 1982) .
Communication repair strategies. Tye-Murray (1994) states that the goal of communication strategies training is to encourage persons with hearing impairment to use facilitation and repair strategies. Clients use facilitation strategies to enhance their speech recognition skills, the communication environment, the manner the communication partner speaks the message, as well as the message itself. Clients use repair strategies to instruct their communication partner following communication breakdown. Tye-Murray notes that audiologists have become increasingly aware that even after clients receive communication aids, they may still have difficulties in conversations. One of the results has been the use of assertiveness training. Important features of the training include expressing one's needs and emotions in a direct, firm, and honest manner while respecting the needs of others. It may include stress management techniques, cognitive therapy, personal adjustment counseling, and communication strategies training.
Methods used with hearing-impaired children. Given the paucity of new methods to optimize the speechreading of adults, it is perhaps worth considering the literature on children. Yoshinaga-Itano (1988) has reviewed the available methods of speechreading instruction for children and advocates a wholistic approach. She begins with the statement that "so little is systematized about speechreading instruction that few have written on this topic" (p. 241). She stresses the similarities between speechreading and reading comprehension strategies. It is known that word-by-word reading is characteristic of both poor hearing readers and poor speechreaders (Williams, 1982) . Parasnis and Samar (1982) advise the teacher to first focus on context and meaning, and only then to draw the child's attention to the visual characteristics of individual phonemes. Yoshinaga-Itano supports the "top-down" and interactive approaches instead of the "bottom-up" strategies advocated by the early teachers of speechreading.
Yoshinaga-Itano lists the objectives and principles of the wholistic approach as (1) to sharpen the ability to evaluate speechreading skills in a variety of communicative situations, (2) to enhance knowledge of the speechreading process, (3) to sharpen ability to generate strategies to facilitate more successful communication, (4) to increase confidence by providing situations that ensure a high probability of success, (5) to increase tolerance of communicative situations that have a high degree of frustration, (6) to enhance ability to generate personal goals for improving speechreading, and (7) to boost motivation to improve speechreading abilities. This wholistic approach is claimed to be both strategyand skill-based.
Tye-Murray (1993) has developed a handbook that contains 25 speechreading and listening exercises. The drill and practice exercises provide speech recognition instruction on a developmental scale (e.g., sound awareness, same/different discrimination, identification, for example) and encourage the use of repair strategies, such as keyword request and repetition.
Motivating the Speechreader to Learn Rutman and Biosseau (1995) note that the "selfeffacement that accompanies efforts to lip-read and requests to repeat unheard phrases can produce feelings of anger, embarrassment and inadequacy" (p. 317). McCall (1992) gives practical advice on how to build self-confidence. The elderly individual who needs to learn to speechread faces a daunting task with, at best, a fragile confidence and self-image. A great deal of effort and persistence is required to improve their speechreading skills. Eisenberg (1992) has reviewed the literature, which shows that rewarded effort contributes to industriousness. Bandura's (1986) self-efficacy theory places emphasis on the importance of confidence in one's own capabilities as a prerequisitive for behavioral change. According to Bandura, Adams, and Beyer (1977) , self-efficacy expectations are a "major determinant of people's choice of activities, how hard they strive, and how long they will persist in their attempts" (p. 138). Bandura (1977) argued that perceived self-efficacy was enhanced by the successful completion of difficult tasks, with generalization "to other situations in which performance was was self-debilitating by preoccupation with personal inadequacies" (p. 195). To rephrase Bandura's conclusion in everyday language, "nothing succeeds like success." It is important that the speechreading learner experiences frequent rewarding successes and not only the inevitable failures. The social support of the speechreading group is important and must be encouraged by the teacher.
Interpretations
The work of Campbell (1990; ; Ronnberg and his colleagues; and others, has provided some knowledge of the subskills that constitute speechreading. This knowledge may be useful to the speechreading teacher. For example, optimal guessing and inference making strategies could be developed and encouraged. Learners could be encouraged to take a probabilistic, and more relaxed, approach to speechreading.
I suggested earlier that there is uncertainty about where the potential for speechreading is located on a hypothetical continuum: ranging from the skill being entirely learned at one extreme to being completely hard-wired, and so untrainable, at the other. It is important to remember that no writers hold the view that the potential for speechreading is entirely innate and that those writers quoted earlier who suggest that elements of the skill may have innate elements are actively concerned to improve the teaching and learning of speechreading. The recent findings on the effects of training on speechreading by Dodd et al. (1989) , Massaro et al. (1993) , and Lonka (1995) suggest that learning may have a somewhat greater influence than was thought earlier. It is, of course, quite possible that perceptual and cognitive elements of the skill of speechreading do become increasingly, in Montgomery and Demorest's (1988) phrase, "hardened and untrainable" (p. 196) , or in Karmiloff-Smith's (1992) terminology modularized, and that visual perceptual speed is, to some extent, hard-wired. In any case there is the possibility of decrements in cognitive speed with advanced age (Salthouse, 1985) , which may make speechreading even more difficult to improve for elderly people. It is also possible that the apparent untrainability is rather the product of the interaction of the complexity of the skill, the length of exposure required, combined with the advanced age of many of those striving to improve their speechreading. To this might be added the relatively undeveloped state of speechreading teaching.
This alternative emphasis leads to the requirement to train speechreading for longer than is the case today. More training needs to be given than 100 hours a year. There is also, possibly, a place for rote and automated learning. Training on visually confusible consonants and difficult-to-distinguish high frequency words could be given using video and computers over long periods of time. Long (and often frustrating and tiring) training requires high motivation and industriousness. The social support of other members of the speechreading group and family members is essential. Perhaps success can be improved by training the partners and relatives of the hearing-impaired adult to speak more clearly, and perhaps be encouraged to use cued speech in the early stages.
The alternative perspective, or emphasis, suggests that speechreading is a complex skill that takes a long time to learn and recognizes that learning to speechread becomes increasingly difficult with advanced age. The actual extent to which it is hard-wired, hardened, or modularized, will be revealed only when more optimal and interesting methods of teaching speechreading to elderly individuals are developed. This alternative view could contribute to a basis for a cautious optimism on the part of teachers, which could in turn encourage the self-efficacy expectations of those striving, in difficult circumstances, to become better speechreaders.
